Background: Oxytocin is a neuropeptide involved in a range of social processes, and prior research has shown that intranasal oxytocin (iOT) may enhance trusting behaviors. However, it is unclear whether iOT influences perceptions of whether a face is trustworthy. In addition, no studies in this literature have investigated whether the participant's age may play a moderating role in the effects of iOT on trust. Aims: We aimed to examine for the first time whether iOT influences perceptions of facial trustworthiness and eye-gaze patterns and, if so, whether age moderates these iOT effects. Methods: One hundred and eighteen participants took part in a randomized, double-blind, placebo-controlled, within-groups study. Participants made judgments about the perceived trustworthiness of a series of faces while their eye movements were monitored. Results: Younger and older adults differed in their judgments of facial trustworthiness. However, most critically, iOT had no effect on these judgments for either age group. For the eye-tracking data, prior age effects in attending to the stimuli were replicated, with older adults gazing less at the eye region and more at the mouth region relative to younger adults. However, iOT had no effect on eye gaze. Conclusions: These findings are discussed in relation to the growing body of literature that suggests that the effect of iOT on social processing is complex and may not be as robust as first thought.
Humans instinctively perceive the trustworthiness of others based on their facial appearance (Todorov et al., 2009) . This is important to consider given that the development of a social relationship could be determined by a single initial impression of trustworthiness. Oxytocin is a neuropeptide that is involved in a range of social and emotional processes, and prior research has shown that intranasally administered oxytocin (iOT) may increase trusting behaviors in healthy young adults (Kosfeld et al., 2005; Mikolajczak et al., 2010; see Lane et al., 2015 for an alternative view). However, little is known about the effect of iOT on initial perceptions of facial trustworthiness (i.e., trustworthiness judgments that are made within the first few seconds of observing someone's face). Three studies have examined this question and produced mixed results. Although two studies reported that iOT had no enhancing effect on perceptions of facial trustworthiness (Lambert et al., 2014; Woolley et al., 2017) , another showed that iOT relative to the placebo enhanced both perceptions of trustworthiness and attractiveness, which the authors concluded was an enhancement of overall positive social perception (Theodoridou et al., 2009) . However, this latter study's methodology was recently criticized (Nave et al., 2015) . It is therefore important to clarify whether iOT does indeed have the potential to alter perceptions of trustworthiness. Another interesting question in the oxytocin literature is the potential effects that iOT may have on perceptions of trustworthiness specifically in older age. Prior research examining age differences in perceptions of trustworthiness is limited and, again, has produced inconsistent results. Whereas Castle et al. (2012) demonstrated that older adults show an age-related bias to perceive untrustworthy targets as more trustworthy compared with younger adults, Zebrowitz et al. (2013) reported no age differences. It is not yet clear why older adults might show a tendency to perceive others as more trustworthy. One possibility is that older adults do not attend to and process facial cues as effectively as younger adults. Indeed, eye-tracking studies have shown that older adults focus less on the eye region of an emotional face compared with young adults (Circelli et al., 2013; Grainger et al., 2017; Murphy and Isaacowitz, 2010) , and it has been argued that this avoidance of the eye region may disrupt social processing (Wong et al., 2005) . Given that iOT has been demonstrated to enhance sensitivity to eye gaze (Auyeung et al., 2015; Domes et al., 2013; Guastella et al., 2008; Hubble et al., 2017; Lischke et al., 2012) , iOT may reduce age-related visual biases, and consequently may attenuate or possibly even eliminate age-related differences in perceptions of trustworthiness.
To test this possibility for the first time, we examined whether iOT alters younger and older adults' perceptions of facial trustworthiness and eye-gaze patterns. Although the literature examining perceptions of facial trustworthiness in older age appears to be mixed, we expected older adults to rate untrustworthy faces as more trustworthy compared with younger adults in line with Castle et al.'s findings. Similarly, although the oxytocin and facial trustworthiness literature is small and appears to be mixed, we also anticipated that all participants would show increased trustworthiness ratings in the iOT relative to the placebo condition. However, it was unclear whether this effect would differ as a function of age group or trust level. For the eye-gaze data, we expected older adults to show the previously reported bias in visual attention by gazing less at the eyes of the faces compared with younger adults (Circelli et al., 2013; Grainger et al., 2017; Murphy and Isaacowitz, 2010) . However, because iOT has been previously shown to facilitate social processing, and to increase gazing toward the eye region of a face specifically (Domes et al., 2013; Guastella et al., 2008) , the key prediction was that agerelated visual biases would be attenuated or even eliminated after the administration of iOT compared with the placebo.
Method
In the following section we report how we determined our sample size, data exclusions, manipulations, and measures in the study. The data are publicly available on the Open Science Framework (osf.io/q8gsw).
Participants
Fifty-seven older (30 female, M age = 73.37, SD = 6.15, age range: 65-90) and 61 younger adults (33 female, M age = 20.18, SD = 2.50, age range: 18-26) took part in this study as part of a larger research program (see Grainger et al., 2018) . All participants were screened prior to participation. Exclusion criteria included: a history of heart disease, presence of a psychiatric or neurological disorder, current use of anti-depressant medication, abnormal cognitive impairment, uncontrolled hypertension, current pregnancy, poor English proficiency, currently taking hormone replacement therapy, current smoker, and substance abuse problem. Written consent was provided by all eligible participants.
Materials
Facial trust stimuli. The facial trustworthiness stimuli originally developed by Todorov et al. (2008) were used in this study. These stimuli include computer-generated neutral faces that have been systematically manipulated to reflect different levels of facial trustworthiness, and are arguably the most well-validated facial trustworthiness stimuli available to date. In total, 45 faces were presented in a randomized order, which included equal numbers of faces (15 per category) that were designed to reflect low, neutral, and high levels of trustworthiness. Because prior research with younger adults has found that judgments of trustworthiness are made very rapidly within the first second of perception (Todorov et al., 2009 ), we presented each face for 2 s. We chose a slightly longer presentation time of 2 s (compared with 1 s) to ensure that older adults felt comfortable with the task. After the presentation of each face, participants were asked to rate how trustworthy they perceived the face to be on a scale of 1 (not trustworthy at all) to 7 (very trustworthy). Total trustworthiness scores were calculated by creating an average of the 15 ratings in each category of facial trustworthiness (low, neutral, and high).
Procedure
We used a randomized, double-blind, placebo-controlled, withingroups design. Participants either received an intranasal spray (3 puffs per nostril) of oxytocin (Syntocinon, 24IU) or the placebo at the first session, and the remaining spray at the second session. Each session began with several self-report questionnaires (not reported here), followed by the administration of the nasal spray, as reported in Grainger et al. (2018) .
After completing a separate social cognitive assessment, participants completed one of two counterbalanced orders of the facial trustworthiness task. The task took on average 5-7 min to complete, and commenced approximately 90 min after spray administration. Eye movements were measured using an SMI remote eye-tracker, SensoMotoric Instruments, iView X (Version 2.8, INITION, London, UK), sampling a rate of 500 Hz. Percent fixation duration was used as the primary eye-gaze measure and this reflected the total number of fixations in a predefined region of interest (ROI) relative to the total number of fixations during the trial. We created two ROIs based on previously reported methods, and these included the eye and mouth region of the face (Grainger et al., 2017; Murphy and Isaacowitz, 2010) . Because of difficulties calibrating and tracking some participants' eyes, the final eyetracking data set included N = 81.
Results

Perceptions of facial trustworthiness
To examine the influence of iOT on perceptions of trustworthiness, we ran a 2 × 3 × 2 × 2 mixed analysis of variance (ANOVA), with treatment (oxytocin, placebo), and trust level (low, neutral, high) as within-group factors, and age group (younger, older) and gender 1 (female, male) as between-group factors. There was a main effect of trust level, F(2, 228) = 647.17, p < .001, η p 2 = .85, which revealed that perceptions of trustworthiness differed significantly across all three trust conditions. However, there was no main effect of treatment, F(1, 114) = 0.23, p = .630, η p 2 < .01, or age group, F(1, 114) = 0.66, p = .417, η p 2 = .01. These data are presented in Figure 1 . There was a two-way interaction between age group and trust level, F(2, 228) = 4.78, p = .009, η p 2 = .04, and this was followed up by examining the simple effects of age group at each level of trust. The simple effect of age group was not significant in the low-, F(1, 116) = 0.55, p = .459, η p 2 = .01, or neutral-, F(1, 116) = 0.00, p = .994, η p 2 < .01, trust conditions, but it was significant in the high-trust condition, F(1, 116) = 5.92, p = .016, η p 2 = .05. This indicated that older adults were perceiving the protagonists in the high-trust condition to be less trustworthy compared with younger adults. However, most critically, there were no other significant main effects or interactions, which indicates that iOT had no effect on perceptions of facial trustworthiness for either age group.
Eye-gaze patterns
To examine the influence of iOT on eye-gaze behavior when perceiving the trustworthy faces, we ran a 2 × 3 × 2 × 2 × 2 mixed ANOVA, with treatment (oxytocin, placebo), trust level (low, neutral, high), and ROI (eyes, mouth) as within-group factors, and age group (younger, older) and gender (female, male) as between-group factors. These analyses revealed a main effect of ROI, F(1, 77) = 54.67, p < .001, η p 2 = .42, and gender, F(1, 77) = 4.05, p = .048, η p 2 = .05, but no main effect of treatment, F(1, 77) = 1.71, p = .195, η p 2 = .02, or age group, F(1,77) = 1.93, p = .169, η p 2 = .02. There was a two-way interaction between age group and ROI, F(1, 77) = 15.97, p < .001, η p 2 = .17, which was followed up by looking at the simple effect of age group at each ROI. For the eyes ROI, the effect of age group was significant, F(1, 79) = 12.31, p = .001, η p 2 = .16, indicating that older adults were looking less at the eye region compared with younger adults (see Figure 2) . For the mouth ROI, the effect of age group was also significant, F(1, 79) = 13.99, p < .001, η p 2 = .15, indicating that older adults were gazing more at the mouth than younger adults (see Figure 2) . There was also a twoway interaction between ROI and trust level, however this was not followed up formally because it did not include the focal variables of age group or treatment. Most critically, as in the perception of facial trustworthiness, there were no interactions with treatment, suggesting that iOT had no effect on eye-gaze patterns for either age group.
Discussion
The primary aims of this study were to examine whether a single dose of iOT influences perceptions of trustworthiness and, if so, whether these effects vary as a function of age group. Overall, the results showed that older and younger adults differed in their perceptions of facial trustworthiness. However, contrary to predictions, older adults rated high-trustworthy faces as less trustworthy compared with young adults. As noted earlier, Castle et al. (2012) identified a different pattern of age effects, with older adults more likely to perceive untrustworthy faces as trustworthy. One possible reason for this different pattern of results is that computer-generated images were used in our study rather than photographs of real people (as in Castle et al.'s study). Indeed, ecological validity has been repeatedly identified as an important consideration in aging studies (Isaacowitz and Stanley, 2011; Kunzmann and Isaacowitz, 2017) . Although the stimuli used in our study were well-validated and had the important advantage of allowing us to systematically assess the influence of iOT on different levels of facial trustworthiness (e.g., low, neutral, high), it is possible that the artificial nature of the stimuli may have influenced older adults' evaluations of trustworthiness and this is a limitation of these stimuli that needs to be acknowledged.
Perhaps most critically, there was no effect of iOT on perceptions of facial trustworthiness in either age group. Although contrary to predictions, this failure to find any effect of iOT is not entirely surprising given that Lambert et al. (2014) used the same stimuli with younger adults and also reported no effect of iOT on trustworthiness judgments, and in light of recent studies questioning the reliability and robustness of iOT and trust studies (Lane et al., 2015; Nave et al., 2015) . Indeed, the large participant sample included in the present study allowed for a well-powered design, therefore we can be confident that these null effects are unlikely to be the result of low power -a concern that has been recently raised in this literature (Walum et al., 2016) . Instead, these findings indicate that if iOT does have any effect on perceptions of facial trustworthiness, the effect is likely to be subtle, or it may be dependent on moderating factors such as context-or person-related variables (e.g., target familiarity, attachment style).
With respect to eye-gaze patterns, older and younger adults differed in the way they gazed at the faces. Consistent with several prior eye-tracking and aging studies (Circelli et al., 2013; Grainger et al., 2017; Murphy and Isaacowitz, 2010) , older adults gazed less at the eye region of the face compared with young adults. However, again, most critically, iOT had no effect on this aspect of social processing. It is important to note that these data are drawn from the same participant sample reported in Grainger et al. (2018) , who showed that iOT had inconsistent effects on eye gaze in response to multimodal social scene stimuli. Specifically, Grainger et al. (2018) showed that iOT had gender-and age-specific effects on eye gaze in only one of the three tasks that were administered. Inconsistencies in eye-tracking findings are also apparent in iOT studies with younger adults, with some studies showing that iOT enhances gazing toward the eye region of a face (Domes et al., 2013; Guastella et al., 2008) , and others showing it has no effect at all (Hubble et al., 2017; Lischke et al., 2012) . Taken together, the most parsimonious explanation of these findings is therefore that although iOT may modulate gaze patterns under some circumstances, this effect does not appear to be universal across all task types and participant groups. As previously discussed, it is evident that moderating factors play an important role in the relationship between iOT and social processing. Therefore, it is possible that the task requirements, for example, being asked to make an explicit trust judgment compared with passively viewing a face, may influence eye-gaze patterns and the potential influence of iOT. Therefore, future iOT studies should attempt to assess eye-gaze patterns during more naturalistic trust tasks that do not require explicit judgments. In conclusion, these data add to a growing literature that point to a very complex picture of iOT on social processing. However, while iOT does not appear to have any effect on initial perceptions of facial trustworthiness or eye gaze toward unfamiliar targets, given the many inconsistencies in this literature, we encourage continued investigations on this topic to gain a clearer and more nuanced understanding of the circumstances in which iOT may have genuine and meaningful effects on specific aspects of social processing.
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Note
1. Gender was included as a factor in these analyses because three prior studies that administered iOT to older adults have identified gender-specific effects.
